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An evaluation of empirically fitting soft-contact lenses, using the Coopervision 
Frequency 55 toric lens 
Abstract 
Purpose: The optical outcomes of empirically-fit toric soft contact lenses were evaluated. 
Methods: Thirteen subjects (18 eyes) with refractive astigmatism equal to or greater than 1.50D were 
empirically fit with the Cooper Vision 's Frequency 55 Toric soft contact lens. The ultimate lens 
prescription was based solely on manifest refraction, horizontal visible iris diameter, and central 
keratometric readings. Optical outcome was defined based on high and low-contrast visual acuity 
findings, both through the manifest refraction and through the contact lenses. 
Results: 72% of eyes examined obtained acuities at least as good as that obtained through the optimal 
manifest refraction. A further 11% of eyes obtained acuities within 0.1 LogMAR unit of the acuity obtained 
through the optimal manifest refraction. 
Conclusion: These results are comparable with previously reported empirical and diagnostic success 
rates, and imply that empirical fitting represents a good first approach to fitting soft toric contact lenses. 
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Abstract 
Purpose: The optical outcomes of empirically-fit toric soft contact lenses were 
evaluated. Methods: Thirteen subjects (1 8 eyes) with refractive astigmatism equal 
to or greater than 1.50D were empirically fit with the Cooper Vision 's Frequency 
55 Toric soft contact lens. The ultimate lens prescription was based solely on 
manifest refraction, horizontal visible iris diameter, and central keratometric 
readings. Optical outcome was defined based on high and low-contrast visual 
acuity findings, both through the manifest refraction and through the contact 
lenses. Results: 72% of eyes examined obtained acuities at least as good as that 
obtained through the optimal manifest refraction. A further 11% of eyes obtained 
acuities within 0.1 LogMAR unit of the acuity obtained through the optimal manifest 
refraction. Conclusion: These results are comparable with previously reported empirical 
and diagnostic success rates, and imply that empirical fitting represents a good first- 
approach to fitting soft toric contact lenses. 
Introduction 
It is estimated that approximately 25% of the general population has a 
refractive astigmatism of greater than 1 .OO D', and 45% of patients seeking contact 
lenses have more than 0.75 D of a ~ t i ~ m a t i s m . ~  As of 1999, only 10% of astigrnats 
were wearing contact lenses, and only one third of those were in soft contact 
l e n ~ e s . ~  Soft toric lenses are an increasingly promising option for astigmatic 
patients. While toric soft contact lenses have been in existence since the late 
1970's, the early lens designs were plagued by manufacturing inconsistencies and 
rotational instability. With the advent of improved lathing and moulding 
technologies in the 1990's, as well as improvements in lens design, modem toric 
lenses can offer astigmatic patients a high level of comfort and excellent visual 
acuity. 
Fitting soft toric lenses traditionally has required extended periods of chair 
time, large fitting sets, and occasionally, complex calculations. Toric lenses have 
typically been fit using a diagnostic lens to determine the lens fit and rotation, and 
to obtain an over-refraction, all of which are then used to calculate the final lens 
parameters. Manufacturers have been concerned that the chair time required by 
this method has deterred many practitioners from fitting soft toric lenses. 
In contrast to diagnostic fitting, "empirical fitting" does not require the use 
of diagnostic lenses. The practitioner simply vertexes the manifest refraction to 
the corneal plane, and selects base curve based on the patient's keratometry 
readings and HVID. Previous studies have shown empirical fitting to achieve 
f~st-f i t  success rates of greater than 70%~,  which easily justifies the use of this 
method as a logical alternative to a more lengthy and costly diagnostic fit. The 
purpose of this study was to determine whether Cooper Vision's Frequency 55 soft 
toric lens can provide similar first-fit empirical success. 
Methods 
Thirteen subjects for a total of eighteen eyes were enrolled in the study. 
Two subjects were recruited from the local community, and the remaining eleven 
were students or employees at Pacific University in Forest Grove, Oregon. 
Inclusion criteria required participants to have 1 SOD or more of refractive corneal 
cylinder in the study eye, as determined by the initial manifest refraction. 
Spherical refractive error had to be between +6.00D and -8.00D (the available 
range of the Frequency 55 Toric lens). For those individuals in which both eyes fit 
the inclusion criteria, both eyes were used in the study. Subjects were required to 
be free of ocular abnormalities or clinically significant slit lamp findings. All of 
the subjects were previous contact lens wearers, though not all were currently 
wearing contact lenses. Patients currently in rigid lenses were excluded from the 
study. Eight of the subjects were female, and five were male. Spherical refractive 
error ranged from -6.50D to +1.25D, while cylinder refractive error ranged from - 
1.50D to -2.25D. 
Each patient underwent a detailed slit lamp examination to rule out any 
abnormalities. Each patient's horizontal visible iris diameter (HVID) was then 
measured, using a standard P.D. ruler. A manifest refraction was then performed 
on the study eye or eyes, using a standard Snellen acuity chart at ten feet (this 
distance was limited by the length of the exam lane at the testing facility). High 
and low-contrast visual acuities were then determined through the manifest 
refraction using a high and a low-contrast Bailey-Lovie LogMAR acuity chart, 
again at ten feet. Keratometry readings were then taken on each patient. 
CooperVision's ToriTrack program was then used to vertex the patient's manifest 
refraction to the corneal plane (13rnm vertex distance) and combine it with the 
patient's HVID and keratometry readings to calculate the appropriate prescription 
and base curve for the patient. All patients were fit with the CooperVision 
Frequency 55 soft toric lens, the specifications of which are included below in 
Table 1. 
Table 1 - Lens Specifications for CooperVision Frequency 55 Toric 
Material: Methafilcon A 
% H20: 5 5 
Base Curves: 8.40, 8.70mm 
Total diameter: 14.40mm 
Sphere powers: +6.00 to -8.00D 
Cylinder powas: -0.75, -1.25, -1.75, -2.25D 
Axis: Full circle 10" steps 
Design: Lathe fiont, cast-molded back-surface, prism 
- 
- 
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After the lenses were allowed to equilibrate on the patient for ten minutes, the 
lens rotation was measured through the slit lamp by adjusting the axis of the slit beam to 
correspond to the rotation. High and low-contrast visual acuities were again taken using 
the Bailey-Lovie LogMAR chart, this time at 20 feet in order to best simulate true optical 
infinity. All acuities were converted into LogMAR format. Paired t-test analysis was 
used to test for differences between the mean of participants' manifest refraction acuities 
(both hgh and low-contrast) and those achieved after being fitted empirically with the 
Frequency55 lens. For the purposes of this study, "success" was defined as achieving an 
optical outcome as good as, or better than, that achieved through the manifest refraction. 
An optical outcome within 0.1 LogMAR units of that achieved through the manifest 
refraction was defined as "acceptable". 
Data Analysis 
Paired analysis was used to test for differences between the mean high and low- 
contrast acuities through the manifest refraction in the phoropter and after being fitted 
with the Frequency 55 Toric Lens. The test used was the two-sample t-test for normally 
distributed data. No statistically significant difference was found between the means in 
either case (PB0.05). 
Results 
Of the thirteen patients enrolled in the study, eighteen eyes were eligible for 
inclusion in this study. The outcomes used to evaluate the empirical fitting were 
high-contrast visual acuity and low-contrast visual acuity, which were compared 
to the acuities obtained through the manifest refraction. 
Visual acuity was measured using a Bailey-Lovie LogMAR chart, with 0.0 
representing acuity of 20120, and each line above being represented by a change of 
+O. 1, and each line below being represented by a change of -0.1. Each line 
contains five letters. Therefore, each letter represented a change in acuity of 0.02. 
Figure 1 - Visual Acuities through Manifest Rx 
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High-Contrast Acuities 
Through their manifest refraction, approximately thirteen of the eyes 
achieved a high-contrast acuity of 0.0 (20120) or better, while the remaining five 
eyes achieved high-contrast acuity of between 0.0 and 0.1 (20125). None of the 
eyes had high-contrast acuities worse than 0.1. (See Figure 1) 
Low-Contrast Acuities 
Through their manifest refraction, none of the eyes achieved a low-contrast 
acuity of 0.0 (20120) or better, while five achieved between 0.0 and 0.1 (20125). 
Seven eyes achieved acuities of between 0.1 and 0.2 (20/32), five achieved 
acuities between 0.2 and 0.3 (20/40), and one achieved acuities of between 0.3 and 
0.4 (20150). None of the eyes had low-contrast acuities worse than 0.4. (See 
Figure 1) 
Figure 2 - Visual Acuities Through Empirically-Fit Frequency 55 Lens 
'Eyes 
VA 5 0.0 
0.1 < VA 5 0.2 
0.2 < VA 5 0.3 High-Contrast 
0.3 < VA S 0.4 
0.4 < VA S 0.5 
0.5 VA 5 0.6 
V A S  0.0 0.0 < VAS 0.1 0.1 c VA.5 0.2 0.2 < VA S 0,3 0.3 c V A S  0.4 0.4 c VA 5 0.5 0.5 4 V A 5  0.6 
High-Contrast Acuities 
After being empirically fit with a Frequency 55 soft toric lens, thirteen of 
the eyes achieved a high-contrast acuity of 0.0 (20120) or better, while two of the 
eyes achieved high-contrast acuity of between 0.0 and 0.1 (20125). A further two 
eyes achieved high-contrast acuities of between 0.1 and 0.2 (20/32), while one eye 
achieved acuity between 0.2 and 0.3 (20140). None of the eyes achieved worse 
than 0.3 high-contrast acuity. (See Figure 2) 
Low-Contrast Acuities 
Through the contact lens, two of the eyes achieved a low-contrast acuity of 
0.0 (20120) or better, while four of the eyes achieved a low-contrast acuity of 
between 0.0 and 0.1 (20125). Six eyes attained acuities of between 0.1 and 0.2 
(20132). Two eyes attained acuities of between 0.2 and 0.3 (20140). One eye 
attained acuities between 0.3 and 0.4 (20/50), one eye attained acuities between 
0.4 and 0.5 (20163) and two eyes attained acuities between 0.5 and 0.6 (20180). 
None of the eyes achieved worse than 0.6 low-contrast acuity. (See Figure 2) 
Figure 3 - Change in Visual Acuity Through Empirically-Fit Frequency 55 Lens 
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Change in High-Contrast Acuity 
Looking at the change in high-contrast visual acuity in each eye 
individually, thirteen eyes experienced no change or actually improved in visual 
acuity. Two eyes experienced a decrease of 0.1 (one line) or less in visual acuity, 
while another two experienced a decrease of between 0.1 and 0.2 (one and two 
lines) in acuity. One eye experienced a decrease of between 0.2 and 0.3 (two and 
three lines) in acuity. No eyes experienced a greater than three line decrease in 
visual acuity. (see Figure 3) 
Change in Low-Contrast Acuity 
For low-contrast visual acuity, eleven eyes experienced no change or 
actually improved in visual acuity through the contact lens. Four eyes experienced 
a decrease of 0.1 (one line) or less in visual acuity, while another one eye 
experienced a decrease in visual acuity of between 0.1 and 0.2 (one and two lines). 
Two eyes experienced a decline of between 0.4 and 0.5 (four and five lines). No 
eyes experienced a greater than five line decrease in visual acuity. (see Figure 3) 
Lens Rotation 
Lens rotation on the eye was measured for each patient. In order to get a truer 
picture of the amount of lens rotation, this data is presented in terms of its absolute 
value, ignoring the direction of rotation. The mean absolute value of rotation for 
all eyes, as presented in Table 5, was 5.7", with a standard deviation of 4.8". The 
mean rotation for those eyes with refractive astigmatism 5 1.75 D was 5.2", with a 
standard deviation of 5.7". For those eyes with greater than 1.75 D of refractive 
astigmatism, the mean rotation was 6.3", with a standard deviation of 3.5". 
Table 5 - Mean Absolute Lens Rotation 
Discussion 
In this study, thirteen out of eighteen eyes, or 72%, acheved high-contrast visual 
acuities at least as good as the acuity obtained through their optimal manifest refraction, 
which we defined as a success. A further two eyes, or 11%, achieved acuities within one 
line of their optimal manifest refraction, which we defined as acceptable. These results 
are very consistent with those of earlier studies, in which empirical fitting success rates of 
between 70% and 80% were achieved. 
In terms of lens rotation, the mean absolute lens rotation was 5.7". Because the 
cylinder axis of the Frequency 55 Toric lens only comes in 10" increments, rotation of 5" 
Mean 
Std. Dev. 
or less can not be adjusted for. Lens rotation exceeded 5" in 6 out of the 18 eyes 
examined. Therefore, two-thirds of the time, assessment of lens rotation would have had 
no impact on lens selection, even if the diagnostic approach had been employed. 
Conclusion 
All Patients 
5.7" 
4.8" 
Using Coopervision's Frequency 55 Toric soft contact lenses, 72% of eyes in this 
study were successfully fit empirically, solely on the basis of refractive and keratometric 
Refractive 
Astigmatism 
11.75 D 
5.2" 
5.7" I 
Refractive 
Astigmatism 
> 1.75 D 
6.3" 
3.5" 
data. A further 11% achieved acceptable optical outcomes. Thus, it would appear that, 
although diagnostic fitting will still be necessary in some cases, today's practitioner can 
save valuable time overall by employing empirical fitting as a first step. For the 
remaining 20% of patients who do not achieve an acceptable optical outcome 
empirically, the time spent on empirical fitting will not have been wasted, as the 
empirical lens would serve as an excellent diagnostic fit. With today's highly 
standardized manufacturing processes and technological breakthroughs in lens 
stability, empirical fitting has become an excellent option for fitting. Given the 
large number of patients who stand to benefit from toric soft lenses, we owe it to 
our patients to offer them this option. 
1 Eiden SB. Soft torics hit a new low. Review of Optometry 2001; 138(1):58-60. 
2 Eiden SB. Get overt the 'specialty' thing with soft torics. Review of Optometry 1999; 136(10):39-42. 
3 Eiden SB. Soft torics hit a new low. Review of Optometry 2001; 138(1):58-60. 
4 Silbert, J, Ghormley NR, Hankin B, Rigel L, Barron C. An evaluation of empirically fitting a posterior 
toric hydrogel contact lens. Journal of the American Optometric Association 1992; 63(3): 170-175. 
Appendix 1 
Patient Name 
SN 
DK 
BM 
CR 
DE 
NS 
KK 
N A 
DK 
LC 
NV 
NV 
AL 
CL 
LC 
NS 
CL 
LK 
AVERAGE 
STD. DEV. 
MEDIAN 
Eye Mn Sp Cyl axis HC LC Em Sp Cyl axis HC LC RotationRotation BC K Astig. R. A s t i g ~  HC A LC 
OD -2.25 -1.50 90 -0.040.06 -2.25 -1.25 90 -0.040.00 -20.0 20.0 8.7 -0.87 -1.50 0.00 -0.06 
OD 0.25 -2.00 90 -0.04 0.02 0.25 -1.75 90 0.02 0.52 -10.0 10.0 8.7 -1.25 -1.75 0.06 0.50 
OD -2.50 -2.00 175 0.00 0.20 -2.50 -1.75 180 -0.04 0.16 -10.0 10.0 8.7 2.25 2.00 -0.04 -0.04 
0s -1.75 -2.25 57 -0.02 0.12 -1.75 -1.75 60 -0.080.06 -10.0 10.0 8.7 1.620 2.25 -0.06 -0.06 
0s -1.00 -1.50 3 0.02 0.30 -1.00 -1.25 180-0.04 0.14 8.0 8.0 8.7 1 .OO 1.50 -0.06 -0.16 
OD -6.25 -2.25 3 0.04 0.24 -5.75 -1.75 180 -0.10 0.10 -7.0 7.0 8.4 2.25 2.25 -0.14 -0.14 
OD -4.50 -1.50 180 -0.14 0.10 -4.25 -1.25 180 -0.08 0.10 5.0 5.0 8.7 1.87 I .50 0.06 0.00 
OD 1.25 -1.50 165 0.00 0.20 1.25 -1.25 160-0.20 0.12 5.0 5.0 8.7 1.25 1.25 -0.20 -0.08 
0s 0.00 -1.50 91 0.02 0.24 0.00 -1.25 90 0.00 0.42 -5.0 5.0 8.7 -0.75 -1.50 -0.02 0.18 
0s -0.75 -2.25 7 -0.04 0.14 -0.75 -2.25 10 0.22 0.60 -5.0 5.0 8.7 3.12 2.25 0.26 0.46 
0s -1.75 -1.50 156 -0.08 0.08 -1.75 -1.25 160 -0.16 -0.04 -3.0 3.0 8.7 2.25 1.50 -0.08 -0.12 
OD -1.50 -1.50 20 -0.06 0.14 -1.50 -1.25 20 -0.14 0.06 3.0 3.0 8.7 1.87 1.50 -0.08 -0.08 
OD -6.50 -1.50 3 0.02 0.22 -6.00 -1.25 180 0.00 0.20 3.0 3.0 8.7 1.75 1.50 -0.02 -0.02 
0s -4.50 -2.25 170 -0.06 0.02 -4.25 -1.75 170 -0.16 0.12 3.0 3.0 8.7 1.25 2.25 -0.10 0.10 
OD -0.75 -2.25 175 -0.04 0.18 -0.75 -2.25 180 0.12 0.22 3.0 3.0 8.7 3.00 2.25 0.12 0.04 
OS -7.00 -2.00 175 0.02 0.22 -6.50 -1.25 180 0.02 0.26 2.0 2.0 8.4 2.12 2.00 0.00 0.04 
OD -4.25 -1.50 13 -0.08 0.12 -4.00 -1.25 10 -0.08 0.14 0.0 0.0 8.7 1 . I2  1.50 0.00 0.02 
OD 1.25 -1.75 60 0.00 0.40 1.25 -1.75 60 0.12 0.36 0.0 0.0 8.7 -1.75 -1.75 0.12 -0.04 
-0.03 0.17 -0.03 0.20 -2.1 5.7 1.06 -0.01 0.03 
0.05 0.10 0.11 0.17 7.2 4.8 1.51 0.11 0.18 
-0.03 0.16 -0.04 0.14 0.0 5.0 -0.02 -0.03 
Appendix 2 
t-Test: Paired Two Sample for Means 
(High-Contrast Acuities) 
Variable 1 Variable 2 
Mean -0.026666667 -0.034444444 
Variance 0.0021 64706 0.01 1849673 
Observations 18 18 
Pearson Correlation 0.1 88928297 
Hypothesized Mean Difference 0 
d f 17 
t Stat 0.299976593 
P(Tc=t) one-tail 0.38391 6023 
t Critical one-tail 1.739606432 
P(T<=t) two-tail 0.767832046 
t Critical two-tail 2.1 0981 8524 
t-Test: Paired Two Sam~le for Means 
Variance 0.0096 0.030505882 
Observations 18 18 
Pearson Correlation 0.184241922 
Hypothesized Mean Difference 0 
d f 17 
t Stat -0.692307692 
P(T<=t) one-tail 0.2490461 94 
t Critical one-tail 1.739606432 
P(T<=t) two-tail 0.498092387 
t Critical two-tail 2.109818524 
